Combination therapy for the treatment of cancer is becoming increasingly essential as we gain improved
Introduction
In recent years, the U.S. Food and Drug Administration (FDA) has approved multiple tyrosine kinase inhibitors (TKIs) for use in patients with various types of cancer; however, it is common for tumors to develop resistance to this type of therapy. Cancer vaccines, as well as other cancer immunotherapies, continue to show positive clinical trial outcomes in a variety of cancer types; however, given the immunosuppressive landscape of this disease, there is certainly room to improve the efficacy of this therapeutic modality [1] [2] [3] . Combining immunotherapy with additional agents, particularly standard-of-care therapies, that have immune modulatory capabilities in addition to their antitumor properties, could potentially enhance the clinical benefit of both anticancer therapeutics. Recently published studies have outlined the ability of antiangiogenic TKIs to modulate the immune system through direct effects on tumor vasculature as well as indirect effects on both the tumor cell and immune cells. Two mechanisms by which TKIs have been shown to mediate an antitumor immune response include immunogenic modulation and immune subset conditioning. Immunogenic modulation has been defined as an increase in tumor cell sensitivity to immune cell-mediated lysis through an alteration in tumor cell phenotype. Immune subset conditioning denotes an alteration in the frequency and/or function of immune cell subsets in the periphery or the tumor microenvironment, thus supporting more productive immune interactions. The TKIs used in these studies included sunitinib, sorafenib, and cabozantinib. In 2006, sunitinib was approved to treat advanced renal cell carcinoma and imatinib-resistant gastrointestinal stromal tumors (GIST) [4, 5] . In 2013, sorafenib was also approved to treat advanced renal cell carcinoma, and in 2012 cabozantinib was approved for the treatment of medullary thyroid cancer. Here we review data supporting the direct and indirect immunomodulatory properties of antiangiogenic TKIs, and show how these properties allow TKIs to act synergistically when combined with immunotherapy for cancer.
Direct and indirect effects of TKIs on cancer cells
TKIs directly inhibit the growth of tumor cells by inhibiting tyrosine kinase receptor pathways. The inhibition profiles of sunitinib, sorafenib, and cabozantinib include shared as well as disparate tyrosine kinase receptors. Platelet-derived growth factor receptor signaling as well as mast/stem cell growth factor receptor (c-kit) signaling, on which many tumors depend for growth and proliferation, are inhibited by both sunitinib and sorafenib [6, 7] . Sorafenib also blocks RAF kinase which plays a role in the growth of many cancer types through activation of the MEK/ERK signaling pathway [8] . Sunitinib and cabozantinib both inhibit the REarranged during Transfection (RET) receptor tyrosine kinase, which plays a role in the growth of thyroid cancer [9, 10] . Cabozantinib also inhibits MET signaling, which influences the survival and proliferation of tumor cells as well as the formation of distant metastases through the initiation of cell migration and invasion. MET signaling can also play a role in tumor angiogenesis through the stimulation of vascular endothelial growth factor (VEGF) and VEGF receptor (VEGFR) expression, down-regulation of thrombospondin-1, and induction of tubulogenesis [11] .
In addition to directly affecting tumor cell growth, cabozantinib has been shown to induce immunogenic modulation [12] , improving the sensitivity of murine and human tumor cells to T cell-mediated lysis. The sensitivity of MC38 murine colon carcinoma cells ( Figure 1A ) and Lewis lung carcinoma cells ( Figure 1B) , both engineered to express the human tumor-associated antigen carcinoembryonic antigen (CEA), to CEA-specific lysis significantly increased following 24 hours of treatment with cabozantinib. The sensitivity of SW620 human colon carcinoma cells ( Figure  1C ) and H441 human lung adenocarcinoma cells ( Figure 1D ) to mucin 1 (MUC1)-specific killing also increased following 24 hours of treatment with cabozantinib. This is in contrast to sunitinib, which did not affect the sensitivity of tumor cells to T cell-mediated lysis (data not shown). Based on these findings, one could hypothesize that combining cancer Tumor cells were treated with  cabozantinib for 24 hours, labeled with indium 111 , then incubated with T cells specific for the indicated antigen for 18 hours at an effector:target ratio of 30:1. Murine tumor lines MC38-CEA (A) and LLC-CEA (B) were incubated with CEA-specific murine T cells. Human tumor lines SW620 (C) and H441 (D) were incubated with MUC1-specific human T cells. After 18 hours, supernatants were harvested and analyzed for indium 111 release. Percent lysis was calculated as follows: [(experimental cpm -spontaneous cpm) / (maximum cpm -spontaneous cpm)] x 100. Error bars depict mean ± standard error derived from triplicate measurements. * = P < 0.01 as determined by Student's t test. Data adapted from [12] .
immunotherapy that stimulates anticancer immune responses with a TKI that improves the sensitivity of tumor cells to immune-mediated killing may increase the therapeutic efficacy of both treatments.
Direct effects of TKIs on tumor vasculature, intratumoral pressure, and oxygenation
In addition to inhibiting pathways needed for tumor cell growth and proliferation, sunitinib, sorafenib, and cabozantinib all inhibit the VEGF signaling pathway, which is vital to tumor angiogenesis. VEGFRs are widely expressed in tumor vasculature, allowing these TKIs to act directly in the tumor microenvironment [6, 13] . Both cabozantinib ( Figure  2A ) and sunitinib ( Figure 2B ) alone significantly reduced the total vascularity of MC38-CEA tumors, as indicated by immunohistochemical staining that identifies CD31 (mature) and CD105 (immature) endocytic vessels. This reduction was maintained when the TKIs were combined with a poxviral-based cancer vaccine (MVA/rF-CEA/TRICOM). Further examination indicated that while sunitinib alone and the combination of sunitinib plus vaccine similarly decreased Images show representative tumor areas at 40x magnification obtained using an Aperio ScanScope. In both cases, tumors were harvested and double-stained for the vascular markers CD31 and CD105 using DAB for visualization. Representative images adapted from [12] and [15] are shown. (C) C57/BL6 mice were treated as in (B). IHC analysis of hypoxia was performed using Hypoxyprobe-DAB. Images show representative tumors at 2x magnification obtained using an Aperio ScanScope. Data adapted from [15] .
immature CD105 + vasculature, the combination led to a greater reduction in mature CD31 + vasculature [14, 15] . In addition, the periphery of tumors from sunitinib-treated mice showed decreases in both CD31 + and CD105 + vasculature, while in the center of tumors, vasculature decreased only when mice were treated with the combination of sunitinib plus vaccine [15] . Studies have shown that cells of monocytic origin may also participate in tumor vascular formation [16, 17] . Sunitinib alone decreased monocytic vasculature (50%); however, combining sunitinib with vaccine resulted in a greater reduction (91%) in CD11b + monocytic vasculature. Conversely, the number of scattered intratumoral monocytes increased with sunitinib treatment. The highest increase was seen in the combination group, suggesting that this therapeutic regimen drives monocytes toward a more canonical maturation [15] .
Further alterations were noted in the tumor microenvironment following TKI treatment. Tumor compactness decreased with sunitinib, sorafenib, and vaccine alone, as well as the combination of sunitinib and vaccine, most likely due to therapy-driven tumor-cell cytotoxicity [14] . JAM-A, a marker of cell-to-cell contact, became internalized following treatment with sunitinib or sorafenib alone. In contrast, vaccination with MVA/rF-CEA/TRICOM decreased JAM-A expression but did not alter its membrane localization [14] . This observation is not unexpected, as studies have shown that proinflammatory cytokines such as interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α) can affect the expression pattern of tight-junction markers such as JAM-A [18] . The combination of either sunitinib or sorafenib with vaccine, however, led to both decreased expression of JAM-A and internalization of the remaining JAM-A [15] .
In contrast to direct inhibition of tumor angiogenesis, TKI-induced decreases in tumor compactness and alterations in tight-junctions may reduce the pressure that tumor cells exert against vessels within the tumor, thereby allowing them to become better perfused. Micropuncture experiments were adapted to measure the effect of TKIs and cancer vaccine-based immunotherapy on intratumoral pressure [19] . Sunitinib or sorafenib alone reduced tumor volume, but only slightly decreased intratumoral pressure. The opposite was observed with MVA/rF-CEA/TRICOM alone, which did not alter tumor dimensions but significantly decreased tumor pressure. Combining either sunitinib or sorafenib with vaccine led to both reduced tumor volume and decreased tumor pressure, combining the effects exerted by either therapy alone. Reducing intratumoral pressure and thus increasing tumor perfusion may result in improved tumor oxygenation.
As indicated by pimonidazole immunoenzymatic immunohistochemistry (IHC), sunitinib alone increased zones of oxygenation by 20%; however, when combined with vaccine, areas of oxygenation increased by 40%, supporting the hypothesis that combining sunitinib with a cancer vaccine could improve tumor vascular perfusion ( Figure 2C ). Although the tumor vascular bed was reduced following combination immunotherapy, tumor oxygenation significantly improved, suggesting that the remaining vessels had improved functionality. Taken together, these data suggest that the combination of antiangiogenic TKIs and cancer immunotherapy reduces tumor-cell density and modulates tight-junctions between tumor cells, reducing solid-tumor stress and thereby allowing collapsed tumor vessels to reopen and better perfuse the tumor. On day 35, spleens were harvested and a single cell suspension of splenocytes was obtained. (A) CEA peptide was incubated with the splenocytes for 7 days after which cells were incubated with fresh, irradiated, naïve splenocytes and either CEA or HIV-gag peptide for 24 hours at 37°C. After 24 hours, a cytometric bead array was used to analyze the supernatants for murine IFN-γ. CEA-specific cytokine production was determined by subtracting cytokine production induced by the HIV-gag peptide from that induced by the CEA peptide. Error bars depict the mean ± standard error. * P < 0.05 relative to control and single agents as determined by Student's t test. (B) Tregs (CD3 + CD4 + CD25 + FoxP3 + cells) were isolated from spleens using negative selection. Tregs were cultured with CD4 + T cells from naïve mice, antigen-presenting cells (APCs, irradiated allogeneic splenocytes) and soluble anti-CD3 for 72 hours. The background level of CD4 + T cell proliferation was determined by incubating the naïve CD4 + T cells with APCs and anti-CD3 in the absence of purified Tregs. Error bars depict the mean ± standard error. * P < 0.01 compared to the proliferation of CD4 + T cells incubated with Tregs from untreated mice; ns = no significant difference between CD4 + T cell proliferation in the absence of Tregs and the proliferation of CD4 + T cells incubated with Tregs isolated from mice treated with the indicated therapy. Significance was determined Student's t test. Data adapted from [12] . For sunitinib studies, C57/BL6 mice received sunitinib beginning on day 0. Mice treated with vaccine received MVA-CEA/TRICOM on day 7, and rF-CEA/TRICOM on day 14. On day 35, spleens were harvested and a single cell suspension of splenocytes was obtained. (C) CD4 + lymphocytes were isolated from spleens and cocultured with APCs and 6.25 g/mL CEA protein for 5 days at 37°C. One µCi [ 3 H] thymidine was added to each well for the last 24 hours. Mean cellular proliferation was dictated by [ 3 H] thymidine incorporation. Error bars depict the mean ± standard error. * P < 0.01 relative to control and single agents as determined by Student's t test. (D) Treg functional assay performed as in (B) using splenic Tregs purified from mice treated with sunitinib ± vaccine. Data adapted from [14] .
Indirect effects of TKIs on the immune system and immune infiltration of tumor tissue
Immune subset conditioning can apply to both the peripheral immune system and the tumor microenvironment. Studies evaluating the effects of TKIs on immune cells were initially conducted to assess their effects on the peripheral immune system. Cabozantinib-treated mice exhibited no change in total number of splenocytes, but had a trend toward increased splenic CD4 + T cells (Table 1) . Combining cabozantinib with the cancer vaccine MVA/rF-CEA/TRICOM, however, led to a significant increase in CD4 + T cells. Both cabozantinib alone and its combination with vaccine significantly increased the percentage of CD8 + T cells (Table 1) . Treatment with cabozantinib also reduced the percentage of splenic T regulatory cells (Tregs) and myeloid-derived suppressor cells (MDSCs), effects that were maintained when cabozantinib was combined with vaccine (Table 1) . Clinically, a reduction in these immunosuppressive immune cell subsets has also been observed with cabozantinib [20] . As a result of the significant reduction in Treg and MDSC frequency, CD4: Treg/MDSC ratios improved even without a significant change in CD4 + T cell frequency. The additional increase in CD8 + T cell frequency led to even further improved CD8: Treg/MDSC ratios in the presence of these reduced Treg, and MDSC levels. When analyzed for functionality, significantly more IFN- was secreted in response to CEA from splenocytes obtained from CEA-transgenic mice receiving both cabozantinib and MVA/rF-CEA/TRICOM compared to splenocytes from control mice or mice receiving either therapy alone ( Figure 3A) . These data support the hypothesis that changing the ratio between immune effector and immune regulatory cells, such that effector cells are favored, leads to the establishment of an immune stimulatory environment, in which it is easier to break tolerance and mount a successful immune response against a tumor-associated, self-antigen [21] [22] [23] .
Unlike the activity of effector cells, the ability of Tregs to inhibit CD4 + T cell proliferation was significantly reduced by treatment with either cabozantinib or vaccine alone ( Figure  3B ). CD4 + T cells incubated with Tregs from mice treated with the combination of cabozantinib and MVA/rF-CEA/TRICOM, however, displayed proliferative capacity that was not significantly different from that observed when no Tregs were present, indicating a complete elimination of their regulatory function ( Figure 3B ). Thus, in addition to reducing the frequency of immunosuppressive immune cell subsets, cabozantinib combined with a cancer vaccine significantly reduced Treg function, leading to increased tumor-specific immune responses. When cabozantinib was examined for effects on human effector cells in vitro, clinical concentrations (2.5 g/L) were shown to have no effect on cytotoxic T cells cocultured up to 144 hours. In addition, human natural killer cells treated with cabozantinib showed no change in phenotype or functional capacity. Additionally, human dendritic cells cultured with cabozantinib displayed no changes in expression of CD80, CD83, MHC-II, or CD54. These data imply that cabozantinib has no detrimental effects on these human immune cells suggesting it may be safely combined with immunotherapy.
Sunitinib increased the frequency of CD8
+ T cells and decreased the frequency of circulating Tregs and MDSCs (Table 1) , again improving the ratio between CD8 effector lymphocytes and suppressor elements. Sunitinib was administered for up to 6 months, during which time this altered immune balance was preserved and no bone marrow toxicity was noted [14] . Sunitinib alone did not alter CD4 + T cell proliferation; however, administration of vaccine following the initiation of sunitinib treatment led to significantly increased CD4 + T cell proliferation compared to that of CD4 + T cells from control, sunitinib alone, and vaccine alone treated mice ( Figure 3C ). Aside from the reduction in Tregs, a reduction in Treg function may explain this increase in CD4 + T cell proliferation. Treg functional analysis indicated that sunitinib alone, vaccine alone, and the combination of both agents decreased the function of circulating Tregs ( Figure 3D ). The inhibitory effect of sunitinib was also observed on MDSCs [15] . These results support previous findings on the effects of sunitinib on the number and function of Tregs in mouse models and in patients with renal cell carcinoma, presumably through a VEGFA-VEGFR pathway blockade [14, [24] [25] [26] . Similarly, sorafenib has been shown to inhibit the proliferation and suppressive function of Tregs in patients with kidney cancer and hepatocellular carcinoma [27, 28] . Importantly, similarly to cabozantinib, sunitinib hindered the ability of murine Tregs and MDSCs to suppress T cell proliferation, in addition to reducing the frequency of both of these inhibitory cell populations. The effect of sunitinib on MDSCs is not surprising, given that it inhibits c-KIT and VEGFR-1, two tyrosine kinase receptors expressed by this cell type [29, 30] . VEGF receptors are critical to the survival, migration, and suppressive function of tumor-infiltrating myeloid cells, including MDSCs and tumor-associated macrophages (TAMs) [31, 32] . Sunitinib has been shown to exert immunomodulatory effects in clinical studies, similar to that described in preclinical models, including observable reductions in the numbers of circulating immunosuppressive cells in patients after 4 weeks of treatment, thus making this TKI an attractive candidate for combination with immunotherapies [33] [34] [35] . These data support the concept that the immunomodulatory effects of TKIs are further enhanced when TKIs are combined with immunotherapy.
The hemodynamic events attributed to the TKIs in these studies, while not primarily immune-related, can have considerable immune consequences. Improved vascular perfusion can allow immune cells better access to the tumor microenvironment [36] . On the other hand, the increase in tumor oxygenation can affect the phenotype and, potentially, the function of negative regulatory immune cells, specifically MDSCs and TAMs. MC38-CEA tumors from mice receiving cabozantinib had a significant increase in immune infiltrate ( Figure 3B ) suggest that their regulatory capacity may be impaired. Increased MDSCs were also observed with this combination compared to control tumors, but MDSC infiltration was reduced with the combination compared to vaccine alone. Sunitinib administered alone and in combination with the MVA/rF-CEA/TRICOM vaccine increased tumor infiltration by CD8 + T cells and reduced infiltration by Tregs (Table 1) . A significant reduction in MDSC infiltration was only observed when vaccine was administered following sunitinib treatment. CEA-specific tumor-infiltrating CD8 + T cells, measured by tetramer staining, also increased with the sequential combination of sunitinib and vaccine [14] . Sorafenib combined with MVA/rF-CEA/TRICOM also increased CD4 + and CD8 + T cell infiltration in MC38-CEA tumors [14] . However, in a follow-up study, the frequency of tumor-infiltrating MDSCs increased significantly when tumor-bearing mice were treated with either sunitinib or sorafenib, in the presence or absence of vaccine, compared to control or vaccine alone [15] . These MDSCs (and TAMs) showed a striking increase in the surface expression of the activation markers FAS-L, CXCL-9, CD31, and CD105 [15] . Sorafenib alone increased the percentage of all 4 activation markers examined, sunitinib alone increased FAS-L, while both combination therapies increased 3 of 4 activation markers examined. Up-regulation of these markers has been reported during myeloid-cell activation [37, 38] , maturation [39] , and a switch from type 2 to type 1 [40] . It has been suggested that, in the presence of normal tumor oxygenation, these myeloid cells could become activated and, perhaps, more tumor-lytic and less immunosuppressive. Previous studies in the B16.OVA melanoma model have shown that sunitinib alone or in combination with a dendritic-cell vaccine was associated with decreased MDSCs within the tumor microenvironment. However, this was model-dependent; in the 4T1 model, MDSCs decreased in spleens but not in the tumor microenvironment after sunitinib treatment [24] . Vaccine followed by sunitinib or concurrent administration of the treatments showed no change in intratumoral immune infiltration over sunitinib alone [14] .
Combining antiangiogenic TKIs with cancer immunotherapy improves antitumor efficacy
The antitumor efficacy of the above-described TKIs was determined using MC38-CEA tumor cells in CEA-transgenic mice to mimic the targeting of a self-antigen. The growth of MC38-CEA tumors was significantly reduced by cabozantinib treatment alone. Cabozantinib treatment resulted in a single tumor regression; however, this tumor recurred prior to day 33, indicating that it was not a complete regression ( Figure 4A ). Concurrently administering cabozantinib with MVA/rF-CEA/TRICOM resulted in a significant reduction of MC38-CEA tumor growth rate compared to control and to the administration of MVA/rF-CEA/TRICOM alone. In addition, 5/10 mice treated with the combination of cabozantinib and MVA/rF-CEA/TRICOM underwent complete tumor regression, remaining tumor-free through day 35 ( Figure  4A ). Sequential administration of the combination, cabozantinib followed by MVA/rF-CEA/TRICOM, did not result in improved antitumor efficacy compared to that observed with concurrent administration (Figure 4A, insert) . Thus, cabozantinib displayed increased antitumor efficacy when administered prior to or concurrent with vaccine, despite a significant increase in intratumoral Tregs (Table 1) . This was possibly due to the fact that Treg functionality was significantly reduced in combination-treated mice. Cabozantinib treatment alone reduced the growth rate of tumor cells but was unable to completely eliminate the tumor, presumably as a result of decreased vascular density and a parallel increase in lymphocytic infiltration. However, in order to achieve tumor eradication the addition of an immunotherapeutic agent was required to eliminate the function of regulatory immune cells and improve the functional specificity of effector cells.
As with cabozantinib, the growth of MC38-CEA tumors was reduced by sunitinib treatment alone ( Figure 4B ). Also as with cabozantinib, tumor cures were only obtained when sunitinib was combined with MVA/rF-CEA/TRICOM. However, with sunitinib, the timing of vaccination was extremely important. Administration of sunitinib prior to vaccine resulted in improved antitumor efficacy compared to control, sunitinib alone, and vaccine alone ( Figure 4B ). Sequential treatment also improved the median survival of tumor-bearing mice [14] . In contrast, concurrent administration of sunitinib and vaccine ( Figure 4B, insert) , or administration of vaccine prior to sunitinib [14] , reduced tumor growth similar to sunitinib alone. Moreover, like sunitinib alone, concurrent administration did not result in tumor-free mice or improved survival. Recently, sunitinib was evaluated in combination with an MVA-based cancer vaccine encoding the tumor-associated antigen 5T4 (MVA-5T4; TroVax) in a randomized phase III clinical trial. The results from this study indicated no survival benefit was obtained by combining sunitinib with this cancer vaccine compared to sunitinib alone [41] . In this trial, renal cell carcinoma patients were vaccinated prior to receiving sunitinib, which, according to preclinical observations, may explain the lack of improved clinical efficacy. Based on the observations that (a) CD8 + T lymphocyte levels decreased shortly after the start of sunitinib treatment and then recovered during the remaining treatment time, and (b) it took 5 to 7 days of sunitinib treatment to reduce immunosuppressive elements (Tregs and MDSCs), it is logical that antitumor efficacy is only improved when sunitinib is given prior to vaccine, when the vaccine-induced immune response can be amplified due to the presence of an altered immune balance generated by the TKI [14] . Based on the transient reduction in CD8 + T cells observed following the initiation of sunitinib treatment, vaccinating concurrently with the initiation of sunitinib could result in a reduction in initial vaccine-mediated effector responses, potentially decreasing the overall magnitude of the antitumor response.
The benefit of combining antiangiogenic TKIs with therapeutic vaccines is not limited to a specific TKI, vaccine, or tumor model. In addition to sunitinib and cabozantinib, sorafenib also decreased tumor volumes in the MC38-CEA model compared to untreated mice, and showed improved antitumor efficacy when combined with vaccine [14] . Additionally, either sunitinib or sorafenib in combination with a second recombinant poxviral vaccine decreased the growth of 4T1 breast tumors [14] . As seen in the MC38-CEA model, the decrease in tumor dimensions coincided with an increase in CD4 + and CD8 + tumor-infiltrating lymphocytes [14] . Moreover, a similar alteration in the intratumoral immune landscape resulted in improved survival in the MCA26 colon tumor model upon administration of sunitinib in combination with IL-12 and 4-1BB stimulation [42] . Another recent study reported improved efficacy in the B16.OVA melanoma model by combining a peptide-pulsed 2 )/2. Data adapted from [12] and [14] , respectively.
dendritic-cell vaccine with a short course of sunitinib [43] . Investigators found that improved antitumor response depended on the observed increase in antigen-specific CD8 + T cell infiltration into the tumor microenvironment.
Conclusions
The observations reviewed here further demonstrate that TKIs induce direct effects on tumor cells leading to their destruction via apoptotic and immune-mediated mechanisms. These observations also support the conclusions that TKIs, particularly antiangiogenic TKIs, modify the tumor microenvironment in multiple ways, including the alteration of immune cell infiltration (immune subset conditioning) leading to tumor eradication particularly when these therapies are combined with cancer immunotherapy. Unfortunately, it is common for cancer cells to become resistant to targeted therapy, particularly to small molecule inhibitors such as TKIs. It is possible that drug resistance could be avoided or overcome by combining these agents with additional therapies with which synergistic antitumor effects can be observed. In addition, the effectiveness of cancer immunotherapy can be compromised when immune cells cannot penetrate the tumor due to abnormal vasculature [44] . Data obtained using the MC38-CEA tumor model indicate that TKIs synergize with the MVA/rF-CEA/TRICOM cancer vaccine to induce changes in the tumor microenvironment resulting in improved immune cell infiltration and sustained tumor regression. The antiangiogenic TKIs described here synergize with cancer immunotherapy by targeting 3 elements of the tumor microenvironment: (a) tumor endothelial cells, leading to vascular normalization; (b) tumor cells; direct growth inhibition, immunogenic modulation, and reduction of tumor compactness allows collapsed vessels to reopen; and (c) tumor-infiltrating immune cells, increasing the frequency and function of effector immune elements while decreasing the number and function of immune suppressor cells. Collectively, these data support the clinical combination of multitargeted antiangiogenic TKIs, including but not limited to cabozantinib, sunitinib, sorafenib, pazopanib, axitinib, lapatinib, and imatinib, as well as other antiangiogenic therapies such as the anti-VEGF antibody bevacizumab, with cancer vaccines for improved treatment of solid tumors. Additional preclinical studies are warranted to determine the most appropriate schedules for combination therapies that include TKIs.
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